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APOMIXIS IN THE ANGIOSPERMS. II’ 


AXEL NYGREN 
Agricultural College of Sweden, Uppsala 


Since G. L. Stebbins’ paper, ‘“‘ Apomixis in the Angiosperms ”, 
was published in 1941, the work by Ake Gustafsson, “ Apomixis in 
higher plants ” (1946-47), as well as that by Stebbins, “ Variation 
and evolution in plants” (1950), have been printed. In an ad- 
jacent field, “ Problems of cytology and evolution in the Pterido- 
phyta” by Manton came out in 1950, and “ Apogamy, apospory 
and parthenogenesis in the Pteridophytes ” was reviewed by Steil 
in 1951. Because of these contributions the present writer has 
considered in the supplement at hand only those papers which are 
not mentioned by Gustafsson or those which were published after 
his work appeared. The significant study on Crepis by Babcock 
was very carefully treated by Stebbins in 1950 and has therefore 
not been taken up in the present review. 

The terminology given by Gustafsson in 1946-47 has been used 
here, even though different authors have proposed other terms (cf. 
Battaglia, 1947d, 1951; Fagerlind, 1947a: 245; Rutishauser, 1946- 
49). Thus apospory is used in the sense of Rosenberg (1907) to 
mean that a cell outside the EMC gives rise to the ES (= somatic 
apospory according to some authors), while diplospory (Edman, 
1931) is used for those cases in which the EMC forms the ES 
(= gametic apospory according to some authors). 

That the formation of restitution nuci<i in the EMC is of great 
importance for ES formation has heen pointed out by several au- 
thors working with the genera Antennaria, Chondrilla, Erigeron, 
Rudbeckia, Statice and Taraxacum. On the other hand it has been 
reported that a diploid chromosome number may be produced by 
endomitosis in the egg cell (Primula) or in the embryo (Trillium, 


1 Supplement to article in The Botanical Review 7: 507-542. 1941. EMC 
= endosperm mother cell; ES embryo sac; PMC = pollen mother cell. 
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Tradescantia) of reduced ES’s. In Saccharum a peculiar com- 
bination of parthenogenesis and endopolyploidy has been described, 
and in Rudbeckia the phenomenon “ semigamia”’ gives rise to em- 
bryo chimeras. In orchids embryos of different degrees of poly- 
ploidy (n-6n) occur in the ES. On the other hand, double reduc- 
tion of the chromosome number has been found in a hybrid 
derivative of Poa alpina x pratensis, while in Hieracium a tetra- 
ploid produced by chromosome doubling frequently has given dip- 
loid offspring, a phenomenon which has been reported also in 
Sorghum. Different divisior types in diverse panicles of the same 
plant or in different parts of the same raceme are known in Cala- 
magrostis and Arabis. The inheritance of diplospory and apospory 
in Potentilla has been discussed as well as inheritance of apospory 
in Parthenium. In both genera it has been found that two doses 
for apomixis outweigh one for sexuality. The importance of 
pseudogamy is shown in Ranunculus auricumus in the most care- 
ful and comprehensive study made up to now of the chromosome 
number in the endosperm of apomictic plants. Finally, our knowl- 
edge of the type and species formation in apomictic plant genera has 
been considerably increased during recent years by comprehensive 
studies in the genera Calamagrostis, Crepis, Poa, Potentilla and 
Rubus. New smear methods have been worked out for the study 
of endosperm cells (Rutishauser and Hundziker, 1950) and em- 
bryo sacs (Heitz, 1951). 


AMARYLLIDACEAE 


ZEPHYRANTHES. Zephyranthes texana belongs to the classical 
materials in the study of apomixis. In 1913 Pace demonstrated 
that the central nucleus of the ES in this species requires fertiliza- 
tion. The species is diplosporous, parthenogenetic and pseudo- 
gamous. In 1951 Brown reinvestigated Z. texana and proved the 
EMC to be divided by a mitotic division. At the same time he 
confirmed that the central nucleus or the two polar nuclei stick- 
ing together need fertilization in order to form an endosperm. Z. 
texana has 2n = 24, and the endosperm cells hold 60 chromosomes 
(24+24+12). The species is self-fertile, in contrast to Zephyr- 
anthes atamasco, caudata and carinata which are all self-sterile. In 
plant genera including pseudogamous apomictic species it is a very 
common phenomenon that the sexual species are self-sterile (cf. 
Gustafsson, 1946-47). 
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COOPERIA. Quite recently Coe reported C. pedunculata to be 
diplosporous, parthenogenetic and pseudogamous (1953). Semi- 
gamy in it has also been established. 


ANACARDIACEAE 


MANGIFERA. It has been known for a long time that adventi- 
tious embryos occur in Mangifera and that therefore polyembryony 
is common in the genus (cf. Gustafsson, 1946-47: 307). Accord- 
ing to Leroy (1947), the agamospermy in the genus is genetically 
controlled and probably due to the effect of one or more recessive 
genes. Leroy supposes that East India is the primary centre of 
origin of Mangifera indica and reports that this area contains 
“monoembryonic ” forms carrying dominant genes. On the other 
hand, Cochin China, the Philippines and the Sunda Isles constitute 
a secondery centre of origin which holds forms with recessive 
genes and polyembryony. 


CAN NABACEAE 


HUMULUS, In the Report for 1944 by the Society for encourag- 


ing the cultivation of malting barley and hops in France, a parthe- 
nogenetic development of certain strains of Humulus lupulus are 
supposed to cause the variation in seed setting. 


COM MELINACEAE 


TRADESCANTIA, seé LILIACEAE: TRILLIUM. 


COMPOSITAE 


ANTENNARIA. In 1932 Stebbins showed that a number of tetra- 
ploid West American species of Antennaria (2n = 28) are sexual 
(1932a), while some hexaploid to dodecaploid species are diplo- 
sporous (1932b). Bergman verified Stebbins’ observations 
(1935¢) and made a list of the species investigated up to 1935 (p. 
222). In 1937 he added the octoploid A. magellanica to the num- 
ber of diplosporous species in the genus. Bgcher found that a rela- 
tive to A. alpina, namely A. glabrata, from Greenland is nonaploid 
with 2n = 63 (1950), and at the same time A. Porsildii from Scan- 
dinavia, which is closely related to glabrata, was proven to be dip- 
losporous and to have the same chromosome number as the Green- 
landic species (Nygren, 1950b: 484). In 1951 Bergman published 
some interesting observations on Scandinavian Antennaria carpa- 
tica. He found that A. carpatica forms ES’s in a normal sexual 
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way at the same time that it is able to form diplosporous and apos- 
porous sacs. Production of restitution nuclei in the species is so 
common that Bergman believes there must be a special factor 
favouring this formation (p. 504). This factor does not affect 
microsporogenesis, however. Aposporous sacs are rare in A. 
carpatica, but Bergman has found some 20 cases, which means that 
the observation does not depend upon mere chance. A very pecul- 
iar circumstance is, however, that the species, in spite of the fact 
that it forms ES’s in three ways, is hardly able to produce any 
seeds. In Bergman’s study only one single embryo was found in 
the mature ES’s investigated ; therefore the species is presumed to 
propagate in nature mainly by runners. The term “ rhizoclone ” 
is proposed for a population formed in this vegetative way. It is 
obvious that more of the numerous North American forms of 
Antennaria as well as A. carpatica from the Alps ought to be in- 
vestigated to increase our knowledge of the genus. 


ARNICA. In 1924 Afzelius found Arnica montana to be a sexual 
species with a chromosome number somewhere between 2” = 36 
and 2n = 40, while Sakai ten years later stated that Arnica unal- 
aschkensis has 2n = + 40. In 1936 Afzelius proved diplospory to 


occur in the three species Arnica alpina, A. Chamissonis and A. 
diversifolia. The specimens of A. alpina investigated originated 
from northernmost Sweden, and Afzelius counted 60 chromosomes 
somatically in this material, while Flovik in 1940 gave the number 
2n =56 for the same species from Spitzbergen. In Arnica the 
basic number no doubt is 5, since Battaglia has found the West- 
American A. longifolia to be diploid with 2n = 10 (1952d: 5). On 
the other hand, the writer has confirmed Flovik’s determination of 
2n = 56 for A. alpina (Nygren, unpubl.), a number also given by 
S¢rensen and Westergaard for material from Greenland (Love and 
Love, 1948, p. 101). The writer has raised two consecutive gen- 
erations of Arnica alpina from seeds of the same population in 
northenmost Sweden, from which Afzelius’ material originated. In 
both generations >" plants were of the maternal type. Ten plants 
of each generation were counted, all having the number 2m = 56. 
This means that the only apomictic species in the genus, which has 
been chromosome-counted, does not fit into the 5-series of the 
sexual species. No doubt an investigation of the numerous North 
American species of Arnica is badly needed. 
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CHONDRILLA. In her classical study of the genus Chondrilia, 
Poddubnaja-Arnoldi (1933) reported one diploid species with the 
chromosome number 2” = 10 and eight triploid and tetraploid spe- 
cies. The diploid, C. ambigua, was sexual; the triploids and tetra- 
ploids were apomicts. Battaglia has verified Poddubnaja-Arnoldi’s 
statement that Chondrilla juncea reproduces apomictically (1949). 
He found that the 15 chromosomes were unpaired during meiosis 
in the EMC. They do not go to the poles of the cell but form a 
restitution nucleus which later is divided by a mitotic division. 
This division gives a dyad, the chalazal cell of which forms the 
complete ES, while the cell close to the micropyle degenerates. 
Thus Chondrilla follows the Taraxacum scheme of ES formation. 
Bergman has investigated two clones of Chondrilla juncea (1950), 
one cultivated in Stockholm, the other at Uppsala. Bergman found 
a considerable difference in the formation of pollen in the two 
clones. The Uppsala clone was fairly regular and as a rule showed 
6 II and 3 I at M I, while the clone from Stockholm in some loculi 
was partially asynaptic with one or two bivalents, in other loculi 
totally asynaptic with no bivalent formation at all. In both clones 
restitution nuclei were formed during microsporogenesis, but, while 
this in the Uppsala plant occurred only in 1% of the cases, the 
Stockholm plant as a rule formed restitution nuclei which were 
divided by a mitotic division and gave rise to dyads with unre- 
duced chromosome number. Meiosis in the EMC was as a rule 
asynaptic in both clones. A restitution nucleus is formed, which 
divides mitotically and gives rise to a dyad, the chalazal cell of 
which forms the ES. According to Bergman the two clones from 
Stockholm and Uppsala are genetically different, i.e., the dissimi- 
larities in formation of pollen can not be caused by external con- 
ditions only. In 1952 Bergman increased our knowledge of the 
genus Chondrilla by finding a new diploid sexual species, Chon- 
drilla chondrilloides (1952b). In another paper (1952c) he shows 
that apomictic C. juncea has three morphologically similar genoms, 
which makes it probable that the species is an autopolyploid. 


CHRYSANTHEMUM. Apomixis has not been found in Chrys- 
anthemum, In 1952 Bergman, however, reported some interesting 
data from an investigation of diploid (2 = 18), triploid and tetra- 
ploid C. carinatum. The tetraploids were obtained after colchicine 
treatment of diploid seeds; the triploids occurred in the offspring 
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of the tetraploids. All chromosome races have more or less regu- 
lar meiosis on the male side, while the female side shows irregular- 
ities. Complete asynapsis was found in 19% of the EMC’s of the 
diploid, in 41.9% of the EMC’s of the triploid with two extra 
chromosomes (2n = 26), and in 20.0% of the EMC’s of a triploid 
with five extra chromosomes (2n=29). <A tetraploid plant 
showed 20.3% asyndesis, while a pentasomic one with 2n = 37 had 
70% asyndetic EMC’s. In spite of the high percentage of asyn- 
detic cells, no restitution nuclei were detected ; degeneration begins 
after the anaphase stage in the asynaptic cells. Bergman considers 
the asynapsis in C. carinatum genetically caused and points out 
that this is the first case known among amphimictic plants with total 
asyndesis on the female side and full syndesis on the male side. 


ERIGERON. In the genus Erigeron sexual species have the chro- 
mosome numbers 2n = 18, 36 and 54, while two apomictic species, 
E. annuus and E. ramosus, are triploids with 2n=27. A third 
apomictic species, E. mucronatus, has not been too well investi- 
gated. In 1947 Fagerlind studied this species, however, and found 
that E. mucronatus forms unreduced ES’s in a frequency of about 
70%, while E. annuus has 100% unreduced ES’s. In both species 
restitution nuclei can be formed during any of the meiotic stages 
from the heterotypic prophase to the heterotypic anaphase. The 
nuclei divide and give rise to dyads which develop directly into un- 
reduced ES’s. Formation of these restitution nuclei is more com- 
mon in E, annuus than in E. mucronatus. Fagerlind has tried to 
find Gustafsson’s pseudohomotypic division in Erigeron, but be- 
lieves that this division does not play any role in the species, if it 
occurs at all. According to one of Fagerlind’s drawings (fig. 1 h, 
l.c.: 225), the type of division in question does occur in E. mucro- 
natus, however. The complete ES is formed according to the 
diplosporous Taraxacum-scheme. Fagerlind does not give the 
chromosome number of the mucronatus plant investigated by him, 
but he mentions (p. 224) that up to 34 univalents occur in meiosis. 
Battaglia, on the other hand, who studied the same species in 1950, 
reports the number 2n = 32 for his material. Battaglia finds that 
80% of the meioses in the EMC’s give rise to restitution nuclei, 
while the remaining 20% give haploid nuclei. Normally dyads 
with diploid nuclei are formed. The ES is completed according to 
the diplosporous /xeris-scheme. On the male side irregularities 
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occur with the formation of univalents, trivalents and tetravalents. 
The end products of meiosis are generally normal tetrads, however. 


HIERACIUM. In 1948 M. and M. A. Christoff published an in- 
teresting paper on Hieracium hoppeanum. The species normally 
has the chromosome number 2n = 45, but a plant with 2m = 90 was 
produced by colchicine treatment already in 1939. In the offspring 
of this doubled plant, seedlings were obtained in 1940 with 45 
chromosomes somatically, while in 1941 the same mother plant 
produced offspring with 2n = 45 as well as with 2n = 90. The same 
results were attained in the years 1942, 1945 and 1946. Thus 
there could scarcely have been any mistake in the experimental 
work. An embryological investigation revealed that both chromo- 
some races are aposporous and non-pseudogamous. In both races 
even the macrospore mother cell degenerated at an early stage. 
The Christoffs made the observation that ‘‘ some cells of the in- 
tegument commenced an unusual development. They increased in 
size,... and their nuclei acquired an outward appearance identical 
with that of early meiotic prophase” (p. 40). The authors are of 
the opinion that aposporous cells with reduced chromosome num- 
ber originate from “ somatic cells which have passed through meio- 
sis” (p. 40). In Potentilla collina A. and G. Muntzing in 1943 
observed frequent formation of seedlings with 2n = 42 in the off- 
spring of a mother plant with 2m = 84. In aposporous Poa praten- 
sis Kiellander (1942) and Akerberg and Bingefors (1953) have 
reported some similar cases, i.e., plants with high chromosome 
numbers gave rise to offspring plants with half the haploid number 
of the mother plant. We still do not know by which embryologic 
method these offspring plants with low chromosome numbers are 
formed, however, and therefore the observations made by the 
Christoffs have general interest. In Rudbeckia Battaglia (1947a) 
has described a phenomenon called “ semigamia”, which might be 
of importance in this connection. 

In 1951 Heitz showed that it is possible to make smear prepara- 
tions of ES’s in Hieracium. By this method he was able to prove 
apomixis in the species H. alpicola, glaciale, praecox, piliferum and 
tomentosum from Valais canton in Switzerland as well as in the 
Hispanic species H. bombycinum. 


PARTHENIUM. ‘The extensive literature of this genus has been 
reviewed up to 1946 by Gustafsson (l.c.: 132-136). All data of 
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general interest for the understanding of the apomictic processes in 
Parthenium are also discussed in Gustafsson’s work. In 1949 Rol- 
lins stated that sexual forms of P. argentatum have the chromo- 
some number 2n « 36, while facultative apomicts have 2” = 54 or 
2n=72. In Mexican populations P. argentatum shows introgres- 
sive hybridization with P. incanum (2n =72). Individuals belong- 
ing to such populations are sexual in spite of the fact that they have 
the chromosome number 2n=72. Pure P. argentatum is most 
common in the centre of the area investigated (N. Mexico-S. 
Texas), while introgressive forms occur in the outer parts (Cen- 
tral Mexico and SW Texas). Sexual forms as a rule occur in the 
central area, where the introgressivity is less established. There is 
a positive correlation between the degree of apomixis and the de- 
gree of introgressivity. Rollins also pronounces the opinion that 
P. argentatum had its origin in the Durango area in Mexico. 
Gerstel and Mishanec (1950) have made some observations similar 
to those of Rollins in Parthenium argentatum. Moreover they re- 
port that in crossings two doses for apomixis dominate over one 
dose for sexuality, while, on the other hand, one dose for sexuality 
is dominant over one dose for apomixis. Diploid apomicts produce 
a much less proportion of parthenogenetic offspring than do trip- 
loids which have two genoms from an apomictic diploid plus one 
genome from a sexual parent. A polyhaploid has been especially 
well investigated. The plant was diploid and facultatively apomic- 
tic. The cross between the polyhaploid and sexual diploid P. 
argentatum gave four classes of plants in the offspring: maternals, 
diploid F, plants, triploids, and plants with high chromosome num- 
bers. The reciprocal cross, on the other hand, gave rise to diploid 
F; plants only. The triploids from the first cross were facultative 
apomicts, while tetraploids obtained after doubling of the diploid 
type were sexual. In 1953 Gerstel, Hammond and Kidd were of 
the opinion that apomixis in guayule is controlled by at least four 
recessive genes. Gerstel and Riner have shown that there is a very 
strong mechanism of incompatibility in guayule, P. argentatum 
(1950), and Gerstel in another paper (1950b) points out that in 
the offspring of two diploid guayule plants there occur four in- 
compatibility classes. Gerstel presumes the presence of a multiple 
allelic series and names the different alles R,, Ro, Rg and Ry. He 
proves dominancy to be at hand in the style but not in the pollen 
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for the allele Re over the other alleles, and for Ry and Rs over Rg. 
Gerstel is of the opinion that this dominancy would explain the 
reciprocal differences which have been obtained in certain crosses 
in P, argentatum (p. 504). While Tysdal (1950) has found that 
interspecific hybrids in P. argentatum are promising for rubber 
production, Johnson (1950) has made a comparison between 
strains obtained from a mass collection of seeds from five plants at 
Durango in Mexico (G. accession 4265) and the most cultivated 
strain in California, nr 593. The two strains 4265 I and 4265 II 
were better than 593 regarding the amount of rubber and resin 
produced. All three strains compared were apomictic. Gerstel 
has also made a study of the resistance to Verticillium wilt in races 
of P. argentatum with the chromosome numbers 2n = 36, 2n = 54 
and 2n=72 (1950a). In two independent experiment series two 
diploid strains gave the average figures of 15.9 and 23.8% resistance, 
respectively, while five triploids in the first series gave the mean 
4.58%, and three other triploids that of 6.53% in the second series. 
The corresponding tetraploids were six in number in the first series 
with an average value of 2.28%, and four in the second series 
which gave the mean of 2.53%. The differences in the three chro- 
mosome races are obvious and therefore of great general interest. 
Catcheside has made two studies (1947 and 1950) of the occur- 
rence of B-chromosomes in P. argentatum. He found that up to 
five B-chromosomes appear in certain individuals (1950). These 
chromosomes are heterochromatic and lose their color before M I; 
later they uncoil and appear long and slender in late A I (1947). 
They do not distribute themselves normally in A I but have a 
tendency to go to one of the poles in this stage of meiosis (1950). 
The B-chromosomes are also later than the other chromosomes and 
are therefore often lagging in A I. 


RUDBECKIA. In three publications of recent years, (1946, 1947, 
1952) Battaglia studied the reproduction of different species of the 
genus Rudbeckia, one of which in 1946 was also investigated by 
Fagerlind. According to Battaglia the seven apomictic species in 
the genus are all tetraploid (2n=76) and diplosporous. Their 
ES’s develop according to the Jxeris-scheme. In R. laciniata 
sometimes accessory restitution nuclei appear during meiosis 
(1946b: 440). Asa rule one restitution nucleus with unreduced 
chromosome number is formed, but sometimes two restitution nu- 
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clei of different sizes may be produced during the first or even 
during the second division. A special phenomenon, which Bat- 
taglia calls “ semigamia ”, is of particular interest. A sperm nu- 
cleus enters the egg cell but does not fuse with the egg nucleus; on 
the contrary it divides one or more times. This sometimes is fol- 
lowed by the formation of chimaeras having cells with the somatic 
chromosome number and half the somatic chromosome number in 
the same embryo. The phenomenon is very well illustrated in the 
paper of 1947a, figs. 1-15. 


TARAXACUM. Fagerlind (1947) and Battaglia (1948) very 
carefully have studied the development of the macrospore mother 
cell in Taraxacum. Fagerlind does not mention which microspe- 
cies he investigated, while Battaglia has examined T. “ vulgare” 
and I. mongolicum, both with the chromosome number 2n = 24, and 
T. megalorrhizon with 2n = 32. Both authors have followed the 
development of the EMC from its youngest stages, and both have 
come to the same conclusions: unpaired chromosomes appear in 
early stages, and later on a restitution nucleus is formed, which 
divides with a mitotic division and forms a dyad, the chalazal cell 
of which develops into an ES. According to Battaglia the restitu- 
tion nucleus divides with a division which corresponds to the 
pseudohomotypic division of Gustafsson (1935). Thus Battaglia 
regards this division as incorrectly interpreted by Gustafsson. 
Fagerlind is of the opinion that it has not yet been proved that the 
pseudohomotypic division occurs in Taraxacum; if it occurs at all, 
it must be very rare (p. 377). Battaglia has also studied micro- 
sporogenesis, and he finds that restitution nuclei or cells with two 
to four nuclei are regularly formed. Cooper and Brink have ex- 
amined the development of endosperm and embryo in T. officinale 
(1949). They find that neither the egg cell nor the central nucleus 
needs to be fertilized. Both the egg cell and the central nucleus 
therefore often develop independently of each other, and seeds con- 
taining a unicellular embryo and a multicellular endosperm are 
found just as often as are those having a multicellular embryo and 
two polar nuclei. The egg cell has an “extensive prestorage of 
food materials ”, and therefore development of the embryo proceeds 
normally, even in seeds with a very limited number of endosperm 
cells. Tschermak-Woess (1949) has found diploid as well as 
triploid species of the vulgare group to occur in Wien and Viedsn- 


‘ 
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Osterreich. This makes it necessary to investigate the vulgare 
populations of middle and southern Europe more carefully. 


CRUCIFERAE 


ARABIS. Bgcher has investigated the amphi-apomictic complex 
of Arabis Holboellit (1947, 1951) which has its main distribution 
areas in western North America and in western Greenland (cf. 
map in 1951: 50). Diploids with 2n=14 and triploids with 
2n = 21 of the var. typica have been studied from Greenland as weli 
as diploids of var. retrofracta from Alaska. Some diploids are 
sexual, while others are apomictic as are all triploids studied. The 
apomictic forms have a male meiosis which is disturbed in the same 
way as is that in Calamagrostis (Nygren, 1946) and Euhieracium 
(cf. Gustafsson, 1946-47). The flowers at the top of the raceme 
develop good pollen, while those below show asyndesis followed by 
formation of dyads and, more commonly, of monads. Flowers at 
the middle of the raceme display transitional development. Some 
of Bgcher’s data are condensed in Table I (cf. l.c.: 55) and make 
it very probable that the development of meiosis in Arabis Hoel- 
boellit is influenced by hormones, the action of which seems to be 
obvious but the composition of which we do not know. 

The EMC develops diplosporously. No fertilization of the cen- 
tral nucleus occurs, however, and thus the endosperm is tetraploid 
in diploid apomicts and hexaploid in all triploid forms. Probably 
the pollen causes some kind of stimulation of importance to the 
development of the endosperm, for it germinates on the style and 
emasculation is followed by sterility. 


GRAMINEAE 


BOUTELOUA. In 1942 Fultz reported chromosome numbers in 
Bouteloua curtipendula to vary from 2n =85 to 2n=101. In 1948 
Harlan claimed that apomixis occurs in the species and that the 
first metaphase in the PMC’s is irregular. In 1949 he found the 
pairing of chromosomes in the PMC’s to be weak at the same 
time as he observed the first division of the EMC to be irregular. 
Division of the EMC as a rule gives rise to two cells: one cell with 
a more or less unreduced chromosome number, the other with very 
few chromosomes (l.c.: 498). The second division is normal; an 
ES is formed by the chalazal cell. Parthenogenesis is probable but 
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has not been proven. Snyder and Harlan in i935 reported the 
chromosome numbers 2n = 20, 40, 60, 42 and 84 in B. gracilis, the 
polyploids having wider distribution in western Texas and New 
Mexico than the diploids. 


TABLE I 


DEVELOPMENT OF MICRO- AND MACROSPORES IN DIFFERENT PARTS OF THB 
RaceME IN TripLow Arabis Holboellit 








Development as 
a consequence 
of physiological 
differences in 
the longitudinal 
direction of 
the raceme 


Position 
in the 
raceme 


Male side 
(mainly based on 
observations) 


Female side 
(mainly hypothetical) 





At the 
top 


Delayed Tetrads 
with 

reduced 
number 


Tetrads 


(dyads— 
monads) 


Syndesis; 
2 divisions 


Tetrad or 
dyad (res- 
titution 
nucleus) 


Syndesis- 
asyndesis 


Asyndesis; 
2(1-0) di- 
visions 


Dyads 
(monads) 


Restitution 
nucleus; 
dyads; de- 
generation 
of upper 
dyad cell 


Syndesis— 
asyndesis 


Asyndesis; 
1(-0) di- 
vision 


Premature 


Greatly 
premature 


Asyndesis; 
(1-)0 di- 
vision 


Dyads 


(monads) 


(Syndesis) 
Asyndesis 


The same 
or pseudo- 
homotypic 


div.; de- 
velopm. of 
both dyad 
cells 





CALAMAGROSTIS. The present writer has been working with 
Calamagrostis many years. In 1946 experimental, cytological and 
embryological data were given for most of the European species, 
and it was proven that amphimictic as well as apomictic species oc- 
cur in the genus. The apomictic species are diplosporous and de- 
velop embryos parthenogenetically. The central nucleus in the ES 
divides and develops an endosperm without fertilization or stimula- 
tion by pollen growing on the stigma. The apomictic species gen- 
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erally do not produce pollen at all; as a rule the PMC’s fuse, form- 
ing more or less big plasmodia which fill the loculi. The anthers 
do not dehisce in some species; very often they are yellow and I- 
shaped in florets just opened, while in pollen-producing species 
they are purple and X-shaped. Two of the European apomictic 
species are very polymorphous and at the same time highly poly- 
ploid. Thus C. purpurea has chromosome numbers running from 
2n = 56 to 2n = 91, while C. lapponica shows a variation in numbers 
between 2n = 42 and 2n=112. By way of contrast is may be men- 


TABLE II 


OccurRENCE oF Meiotic AND Mitotic Division Types IN ONE CLONE 
or C. purpurea IN 1943 AND 1944 (NyGrEN, 1946: 182) 








PMC’swith EMC’s with Number of 





Fix. Fix. 
date nr. 


Mitosis 





% 
135,163 100.0 
269,270 308 
244 8.2 
271,272 7.1 
273, 274 0 


_ 

Se 

o 
S 


6.666 
2.672 

122 
1.191 
5.042 


16.052 


cS 
or 
tm 


wear 
oo = 
to ie 
NSBLo 
WANIHDo 


7 
tr 
“J 
wo 








tioned that a third apomictic species, C. chalybaea, has always been 
found to be hexaploid with 2n = 42. C. purpurea has arisen from 
the amphimictic C. canescens (2n = 28) and its hybrid derivatives 
with other amphimictic species, while C. lapponica shows relation- 
ship to the amphimictic tetraploid C. neglecta as well as to the 
North American C. inexpansa (2n =28-over 100). In C. pur- 
purea, as in C. lapponica, there are facultatively apomictic strains 
which are able to produce reduced sexual ES’s and diplosporous 
unreduced sacs in the same panicle. This has been reported for 
17.6% of the 174 purpurea strains studied as well as for three of 
the 28 examined lapponica plants (1946). While most lapponica 
strains develop pollen in their anthers, only one single purpurea 
clone from nature had this ability. C. chalybaea does not form 
pollen; in the non-diplosporous EMC’s semiheterotypic divisions 
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occur. Restitution nuclei on the female side have been observed 
only in purpurea. It was shown early in the investigations on C. 
purpurea that a certain time relationship exists in the development 
of different division types. This is evident from Table II which 
gives the data for a facultatively apomicite clone, Gall. 1-41, the only 
pollen-producing one of the 174 clones studied. This clone in 1943 


TABLE III 


OFFSPRING OF BaccEep Calamagrostis purpurea WITH POLLEN 








’ Chromosome numbers 
numberof ,,; of the I,’ plants. 
Mother mother apes f —- Each row represents 
clone ? . ae the offspring of one 
2n bagged panicle 


J 3-41 56 1-2 2n= 70, 80, 84 
D 2-41 56 1-3 2n = 56 
1-4 2n = 56, 56, 56 
2-2 2n = 56, 56, 56 
2-3 2n = 56, 58, 70 
2n = 56, 56 
2n = 68, 69, 70, 70 
2n = 56, 56, 56 
2n = 63, 64, 68, 68 
2n = 63, 64, 68, 68 
2n = 65 
2n = 69, 70, 70 
2n = 67, 70 
2n = 70, 71, 71 
2n = 56, 56, 56, 56 
2n = 56, 56, 56, 56, 56 
2n = 67 
2n = 66, 66, 67 
2n = 66, 70 


Chromosome 
Chromosome 


clone 





2-4 
3-2 
1-1 
1-4 
1-1 
2-4 


3-1 
3-4 
56 3-1 
56 1-1 
4-1 


56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 





The heading “ Mother clone” has reference to plants from nature, while 
I,’ denotes descendants of the mother clone raised after bagging. Next 
generation of these I,’ plants, raised after bagging, is designated I,*, and 
so on. 


showed meiosis with semi-heterotypic divisions in all PMS’s as 
well as EMC’s studied, while in 1944 it gave meiotic or mitotic 
divisions in different florets on the male as well as on the female 
side. It could be proven that the panicles with meiotic divisions 
were the first developed that year, while those having mitotic divi- 
sions developed later. In 1947 only mitotic divisions were found 
in all panicles studied of this clone. 
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Offspring raised from seéds obtained after bagging 40 different 
clones with 2” = 56 were examined in 1948 and 1949, and it was 
revealed that 31 plants belonging to eight of these clones developed 
pollen, in spite of the fact that neither their parents nor other 
descendants of the same clones had this ability. In all, 673 de- 
scendants of the 40 clones were checked. All these 673 plants had 
the same chromosome number, 2n = 56, and had the same mor- 
phology as the descendants not having pollen in the clones studied 
(1948). All pollen-developing offspring plants were bagged at 
the same time as crossings were made with these plants as mothers. 
The result of the baggings and of the crossings as well are pre- 
sented in Tables III and IV. In Table III the clone D 2-41: 2-3 is 
of particular interest because here maternal offspring has been de- 
veloped from only one panicle, while from two other panicles de- 
scendants with higher numbers have been formed as well. Similar 
observations of different offspring being raised from diverse pani- 
cles in the same clone were made already in 1946 in the pollen- 
producing purpurea clone, Gall. 1-41. Table IV shows the same 
scheme to occur when crossings are worked out with amphimictic 
species. Thus one panicle of D 2-41: 1-4 has given rise only to 
maternal offspring at the same time that another one formed ma- 
ternals as well as hybrids. Summing up, we find that in C. pur- 
purea different panicles of the same pollen-producing plant may 
give rise to offspring with the same or deviating chromosome num- 
bers compared to the mother clone. These results fit very well 
with those obtained in Poa by Clausen and co-workers, even 
though these scientists did not analyze the chromosome numbers of 
offspring from each panicle of the mother. 

Embryological studies of the purpurea offspring with higher 
chromosome numbers than 2n = 56 and of the hybrids formed show 
that diplosporous and sexual ES’s are developed in the same in- 
dividual (1951). Thus maternals as well as deviating offspring 
will be formed even in the next generation. In 1951 it was shown 
that nine offspring out of eleven of the second bagged generation 
(= right column of Table III) deviated morphologically from the 
first bagged generation as well as from the original mother clone. 
In most cases such deviating offspring would continue the forma- 
tion of new types in the following generations. The hybrids of 
Table IV, just as the earlier produced ones (1946), also continue 
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TABLE IV 


ReEsutts or Crosses BETWEEN C. purpurea AND DIFFERENT 
AMPHIMICTIC SPECIES (NYGREN, 1949: 290) 








Chromosome 
eee . Chromo- —e numbers of 
oe Num- some oumieas descendants. 
Mother 2U™ ber number Father Each row 
clone nintien . ps ofI,* species father — “" 
iim plant plant species offspring o 
on 2 On one crossed 
panicle 





56 C.ep. 
56 C.can. 


C.a. 
C.a. 


2n= + 58 

2n = 56, 56, 56, 56, 
56, 56, 56 

2n=56 (12 plants) 

2n=56 (10 plants), 
70, 70 

2n = 54, 56, 57, 60, 
62, 62, 63 

2n = 66, 66 

2n = 64 

2n=70, 72 

2n =77 

2n = 56 

2n = 49, 70, 70, 70 

2n = 67, 70, 70, 70, 
70, 70 

2n = 67, 67, 67, 70 
(10 plants) 72 


SS BS 


1] 
i?) 


C.can. 


C.a. 
C.can. 
C.can. 
C.can. 
C.ep. 
C.can. 
C.can. 


% BRSRBSB 


C.can. 





The heading “ Mother clone” has reference to plants from nature, while 
I.’ denotes descendants of the mother clone raised after bagging. The 
crosses were effected on these I,’ plants. In the column headed “ Father 
species ”, C.a.=C. arundinacea, C.can.=C. canescens, C.ep.=C. epigeios. 
the type formation in the same manner in later generations. This 
has been clear from studies of a great number of Fs; generations 
raised from deviators as well as from maternals in the F»2 of the 
original hybrids. The data from these studies are not published as 
yet, but it may be mentioned that the formation of new types fol- 
lows the same scheme as that found in the Stanford Poa experi- 
ments. The complete C. purpurea biotype formation scheme is 
given in Table V. 

It might be added that genes for apomixis probably occur in 
populations of the amphimictic species in the distribution area of 
purpurea (1948b, 1951). These genes are spread by introgressive 
hybridization between purpurea and different sexual species. 
When forms having such genes are brought together, they inter- 
mingle and give rise to new apomicts. 
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During recent years diplospory has been reported also in Cala- 
magrostis canadensis, langsdorffu and purpurascens (Nygren, 


1954). 


DESCHAMPSIA, The present writer has studied polymorphous 
Deschampsia caespitosa and its viviparous relative D. alpina 
(Nygren, 1949). D alpina is an autopolyploid of D. caespitosa 
and has chromosome numbers running from 2n=26 to 2n = 52, 
while D. caespitosa in all studied biotypes has 2m = 26. Diploid 
alpina is non-viviparous, and, according to Flovik (1938), triploid 
alpina (2n = 39) from Spitzbergen had such weakly developed bul- 
bils that they could hardly be detected without using a magnifying 
glass. Tetraploids or aneuploids with numbers between 2n = 39 
and 2n = 52 are facultative—obligately viviparous. Thus the degree 
of vivipary increases with the chromosome number. A biotype of 


TABLE V 
Brotyre ForMATION IN Calamagrostis purpurea (NyYGREN, 1951: 531) 











"Sexual" biotype 


Sexual biotype 


' 
‘ 
lf-fertilisation of the egg 


. cell in reduced or unreduced 


emwbryosacs 


Segregation in P, New biotypes 


“Sexual” biotype oe "Sexual" biotype Continuous biotype formation 
: otype 


Self-reproduction 
Self-fertilization 


Autosegregation 


ee tr 
U 
' 


Pormation of new biotypes 


Continuous biotype formation 
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D. caespiiosa (2n=26) developed viviparous propagules after 
short-day treatment. The offspring raised from these propagules 
were non-viviparous (Nygren, unpublished), which means that 
vivipary in Deschampsia is caused by a recessive gene system. 
In 1950 Lai-Yung Li reported vivipary in Eleusine coracana and 
Setaria viridis. This report needs confirmation. 


PANICUM. Warmke thinks that apomixis may occur in Panicum 
maximum (1951), a possibility suggested by the intravarietal uni- 
formity in this species and by the absence of hybrids in the off- 
spring produced by open pollination. In 1954 he proved faculta- 
tive apomixis as apospory combined with pseudogamy to exist in 
this species, however. 


PASPALUM. Smith has found (1948) that apospory followed by 
diploid parthenogenesis occurs in the common cultivated form of 
Paspalum dilatatum. It is uncertain that the species is also pseu- 
dogamous because in some emasculated florets seeds have been de- 
veloped. Multiple ES’s are at hand, and the number of twins and 
triplets varies between one and six per cent. Smith is of the opin- 
ion that the common form is of hybrid origin. Burton (1948) 


suggests that apomixis occurs in common Bahia grass, Paspalum 
notatum, but the data given are not convincing enough to prove 
this assumption. An embryological investigation of the species is 
necessary. 


POA (Diplosporous species). Poa alpina reproduces in three 
ways: sexually, apomictically by diplosporous ES development, 
and by viviparous propagules. Development and type formation in 
sexual and diplosporous P. alpina are well known through the in- 
vestigations by Muintzing and Hakansson (cf. Gustafsson, 1946- 
47). In the years 1946-49 Miintzing studied a peculiar sexual 
strain containing, as a rule, 14 chromosomes in the root tips but 
with additional chromosomes at meiosis. The strain was obtained 
from Innsbruck, but probably had its origin in southern Russia. 
By a very ingenious method the accessories are eliminated in the 
somatic tissues, while they still are present in the germ line (1948). 
Hakansson (1948) has investigated the embryology of this pecul- 
iar strain without finding any elimination of the accessories during 
development of the embryo except in the “ primary roots of some 
mature embryos”. He suggests that the accessories are probably 
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absent only from the adventitious roots (l.c.: 247). Skalinska 
(1952) examined 111 clones of viviparous Poa alpina in the Tatra 
district of Poland and reports the occurrence of seven chromosomic 
types in this area. (l.c.: 255). The chromosome numbers are 
given in Table VI. Of particular interest is the viviparous diploid 
type. Skalinska also suggests that the clones with 2n = 22 are 
secondary diploids and those with 2n=33 secondary triploids. 
The other chromosome numbers can easily be explained as deriva- 
tives from crosses between the two basic systems. Skalinska also 
gives some ecological data which show that some clones are re- 
stricted to areas with limestone, while others grow on acid soils. 
This year (1954) Muntzing published an extensive study of his 


TABLE VI 


ALTITUDINAL DISTRIBUTION oF CHROMOSOMIC TyPEs oF P. alpina L. 
var. vivipara L. (SKALINSKA, 1952: 273) 











Chromosomic types (2n) : 





Total numbers of 
14 22 26 28 33 34 35 _ Piotypes 





Vertical areas 








Lower mountain layer 4 
Foothills 4 
Higher mountain layer i ¥ 30 
Layer of subalpine forests 29 
Layer of Pinus montana 1 30 
Alpine layer 1 14 


Total 1 33 30 16 2 111 








experiments with Poa alpina during the past 14 years. In this 
paper data are given for viviparous clones as well. 

The present author has studied 13 viviparous clones of Poa 
alpina from Scandinavia (Nygren, 1950). The chromosome num- 
bers in these clones run from 2n = 36 to 2n=57. Pollen meiosis 
was examined in two clones with 2n = 37 and 2n = 46, respectively, 
and found to be fairly regular. Mainly bivalents were formed; the 
highest average number of univalents was 2.05 per PMC. Very 
few trivalents and quadrivalents were in both clones. In the clone 
with 2n = 37 the percentage of morphologically good pollen was 
67.4. Viviparous alpina is thus able to produce pollen, which 
means that the genes for vivipary can be spread to non-viviparous 
populations. We do not know the genetical background of vivipary 
in Poa because no experimental data have been reported as yet, 
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but we do know that the degree of vivipary can be modified ex- 
perimentally within certain limits in viviparous clones. We also 
know that vivipary sometimes can be induced in non-viviparous 
clones by changing the external conditions compared to those oc- 
curring in the growing area of the plant in question. These facts 
make it possible that several recessive genes are involved in this 
gene system, but at the same time they by no means exclude vi- 
vipary in Poa as caused by one single recessive gene. In Scan- 
dinavia Poa alpina vivipara forms hybrids with Poa laxa subsp. 
flexuosa as well as with Poa pratensis, which latter combination 
also occurs in the Arctic. The first mentioned hybrid is called 
Poa jemtlandica, the second Poa herjedalica, by Swedish authors. 
These hybrids have been studied by the present writer (Nygren, 
1950). P. jemtlandica has a restricted distribution in central Scan- 
dinavia and Scotland (cf. Nannfeldt, 1937), whereas herjedalica is 
spread all over the Scandinavian mountain range. P. jemitlandica 
is morphologically uniform and has the chromosome number 
2n = 37 in its Scandinavian area of distribution, while herjedalica 
is morphologically polymorphous with numbers running from 
2n=47 to 2n=80. Jemtlandica probably originated only once 
(Nannfeldt, 1937), while it is obvious that herjedalica is of poly- 
phyletic origin. Jemétlandica as well as herjedalica occur only as 
viviparous forms in nature. At least herjedalica generally pro- 
duces good pollen, just as Poa alpina vivipara, and therefore it can 
act as pollen parent in crosses with different Poa species and 
spread the genes for vivipary. Embryological investigations have 
revealed that only sexual or aposporous ES’s appear in the nucel- 
lus of herjedalica. Thus the diplosporous system of alpina is not 
rebuilt in this hybrid, an observation which also fits with the ex- 
perimental data by Akerberg and Bingefors (1953) for the cross 
between Poa pratensis and non-viviparous alpina. These authors 
have studied F,—F4 of the combination mentioned, and found only 
sexual and aposporous ES’s in the nucellus. The high chromo- 
some numbers obtained in later generations (Table VII) depend 
upon the facts that preferably unreduced egg cells are functioning 
and that therefore the chromosome numbers increase for every gen- 
eration. The experimental results of Akerberg’s and Bingefors’ 
study agree very well with the situation found in the field with re- 
spect to viviparous hybrids. 
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TABLE VII 
CHROMOSOME VARIATION IN THE THIRD GENERATION OF Poa pratensis x alpina. 
Data FROM AKERBERG AND BINGEFoRS, 1953 








Chromosome Chromo- 
Hybrid combination number of some ~_— = al 
and chromosome parents (2n) varia- , ts 
tion = 
io Be studied 





.prat. P.alpina studied 





2n = 45 50 37 (16),60-112 50 
2n = 69 50 37 50-112 34 


2n=70,66,70 90 50 75-119 13 
2n = 66 90 50 50-72 6 
2n =: 95 80 ee 98-114 13 
2n = 102 80 - 100-106 10 


24 50-122 126 








The plant with 2” = 16 in B 1A 62/7 is of particular interest be- 
cause of its morphological similarities with the sexual Poa trivialis. 
It has been formed by double reduction from a Fy, plant with 
2n =75, just as a subhaploid plant with 2m = 18 was obtained by 
Kiellander in 1942 from a mother plant with 2n = 72. 

Until 1952 diplospory was known only in Poa alpina, glauca, 
nemoralis and palustris. That year Grun added the West Ameri- 
can Poa nevrosa to the diplosporous Poae. He studied the chro- 
mosome number of nevrosa from California (Sierra Nevada) and 
western Washington, and found plants with 2n = 63, 76, 80 and 
81-90, as well as a sexual strain with 2m = 28 near the mouth of 
Columbia River. The endosperm in diplosporous nevrosa with 
about 60 chromosomes somatically contains about 120 chromo- 
somes, which means that no fertilization of the central nucleus is 
needed for the formation of seeds. Apomictic nevrosa does not 
produce pollen, and therefore Grun suggests that the varying chro- 
mosome numbers in West American nevrosa as well as the mor- 
phological differences between populations in its area of distribu- 
tion may depend upon intercrossing with plants of the Poa Canbyi-— 


epilis group, which species often grow intermingled with Poa 
nevrosa. 


Poa (Aposporous species). During the last decade a very ex- 
tensive experimental study of the genus Poa has been pursued by 
Clausen and co-workers (1946-52) of the Carnegie Institution of 
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Washington at Stanford, Calif. Hybrids have been produced be- 
tween a number of indigenous North American Poa species and 
other species occurring also outside North America. Most of the 
parental plants used were chromosome-determined by Hartung in 
1946; a list of some of the combinations made and the chromosome 
numbers obtained in the F; is given in Table VIII. 

In addition to the hybrids listed in Table VIII, Clausen and co- 
workers in 1952 reported a number of new combinations with Poa 
ampla, arida and scabrella as well as some successful crossing 


TABLE IX 


CHROMOSOME NUMBERS OF OFFSPRING OF Poa irrigata FROM ICELAND 
(LO6vE, 1952: 22-23) 








Chromosome number Chromosome numbers of offspring 
of mother plants 
2n 80 - 90-100- 110+ 120- 130-140-150 Total 








84 (three strains) 125 1 141 
87 42 2 61 
38 39 

42 46 

3 42 

34 

38 

42 


37 


(two strains) 
147 
Total 167 86 78 37 100 150 150 








experiments with the dioecious Poa arachnifera and the sexual Aus- 
tralian species P. caespitosa. It is of particular interest that suc- 
cessful crossings have been made between arachnifera and diplos- 
porous nevrosa. The present author has studied the embryology 
of Poa ampla, arida and scabrella, and has found that they are all 
aposporous (Nygren, 1951 and unpublished), as is compressa (cf. 
Gustafsson, 1946-47). From Table VIII it is clear that hybrids 
in most combinations have arisen by fertilization of either an un- 
reduced or a reduced female gamete. This is very striking in the 
first ampla-pratensis combination Albion-Mather, but also oecurs 
in some of the crosses with scabrella. 
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In 1952 Love gave a survey of chromosome numbers in Ice- 
landic Poa irrigata and its offspring. Jrrigata is a close relative of 
Poa pratensis. On the whole the chromosome numbers of these 
progenies agree very well with those obtained in the interspecific 
crosses at Stanford (Table IX). 

Grun and Triplett have listed some important characters in Poa 
ampla, P. pratensis and their hybrids produced by fertilization of 
an unreduced or a reduced ampla egg cell. Table X shows the 
morphological differences in the parents and the two kinds of hy- 
brids. 

Table V shows clearly that the morphology in the two types of 
hybrids formed is quite different, but also proves that transgres- 


TABLE X 


Morpuo rocy or Four Poa ampla x pratensis Hysrivs AS RELATED TO THE 
Type or Eco Fertitizep (GruN AND TRIPLETT, 1953: 121) 








Glaucous- __ Leaf 
ness stiffness ~~ 
grade grade = 
(1-9) (1-9) : 


Leaf 


Species or hybrid Soom 





P, Poa ampla Albion Flat 
P, Poa pratensis Mather Folded 
F 


1 

4535-4 from reduced egg Folded 
4535-52 from reduced egg Folded 
4535-6 from unreduced egg Flat 
4535-6 from unreduced egg : Flat 





sions may occur, which is of particular interest in species with 
agamospermous reproduction. 

Clausen and co-workers worked out a special system of testing 
later generations from the interspecific Poa hybrids obtained by 
crossings. Thus uniform families are classified as apomicts and 
segregating ones as sexuals. Many families are intermediate be- 
tween the two groups, however, which means that some descend- 
ants deviate morphologically from the parental F; or F2 plant, 
while others obviously are maternals. In such cases the degree of 
apomixis can be expressed in per cent. Offspring plants deviating 
from the mother are classified as aberrants. Apomictic offspring 
have been obtained from maternal as well as from aberrant mother 
plants, which is clear from Table XI. 
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TABLE XI 


NUMBER OF PROGENIES oF INTERSPECIFIC Hysrws or Poa. 
(CLAUSEN ET AL., 1949: 101) 











F, progenies F's progenies 





From 
: . From 
Hybrid aberrants in eonunh Totals 


combinations apomictic F.’ 
F,’s 8 





Apo- 
mictic 


Apo- 


Sexual entail Sexual 


ampla x pratensis 20 

x compressa 1 

x arida 1 

Canbyt x pratensis ; 

scabrella x pratensis 14 
x compressa 

x arida 2 

x ampla 2 

xgracilima 3 


Totals 43 
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The complexity in the segregation of apomixis in Poa in reality 
is much greater than is shown by Table XI; in fact, practically 
every aposporous plant in the genus is able to produce aberrants in 
its offspring. Most aberrants are weaker than the maternal de- 
scendants and may have difficulty in nature competing with other 
plants. Some aberrants are more vigorous than the mother plants, 
however, and therefore it is quite obvious that evolution in some 
apomictic Poa species gains by introgressive hybridization (cf. 
Anderson, 1947-51). In apomictic species this picking up of genes 
from other species must be of particular importance because many 
of the derivatives from such interspecific crosses will reproduce 
more or less apomictically in later generations at the same time 
that their capacity to produce aberrant offspring to a certain extent 
gives them a flexibility that is almost as great as that of a sexual 
species. On the other hand, the successful combinations are able 
to reproduce themselves agamospermically, which is of particular 
importance in local races in their struggle for life. From the work 
at the Carnegie Institution we have learnt that the studied apos- 
porous Poa species are able to cross with other sexual or apomictic 
species. Hybrids may be formed by fusion of reduced as well as 
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unreduced gametes, and these hybrids will give rise to F2’s which 
segregate apomictic as well as sexual offspring. This segregation 
of sexual and apomictic strains will later on continue for every gen- 
eration. In Poa pratensis synthetic products have been produced 
which are “ almost indistinguishable from natural pratensis, but 
nevertheless may inherit certain physiological or reactional char- 
acteristics from the other species”’ (l.c., 1951: 110). Clausen et 
al. continue: ‘If such hybrid strains had been discovered in the 
wild and their pedigrees had been unknown, no morphological 
characters would have been available to identify them as hybrids ”. 

Hansson, Garber and Myers in 1952 showed that some combina- 
tions of four strains of Poa pratensis gave better yield than each of 
the strains cultivated separately, a result that is of great practical 
importance. That future breeding work in Poa pratensis will gain 
from the Carnegie results is quite obvious (Nygren, 1953). 

The experimental data obtained at Stanford conform extremely 
well to the situation in nature as it has been studied in Poa arctica 
and pratensis alpigena in northern Scandinavia by the present 
writer (Nygren, 1950). In the very polymorphous northern Eu- 
ropean P. arctica five subspecies have been described by Nannfeldt 
(1940). These subspecies occur together with a multitude of 
forms which can not be separated from the main population. There 
are also transgressional forms between arctica and pratensis alpi- 
gena, and the two species upon the whole form one vast population 
in Scandinavia, split into a great number of local races, the char- 
acteristics of which are not distinct enough to permit the describ- 
ing of microspecies to such an extent as has been made in the genus 
Taraxacum, Both Poa arctica and pratensis alpigena are pseudo- 
gamous ; castration causes seed sterility (Engelbert, 1940, 1941). 
Since pollination followed by fertilization of the central nucleus is 
necessary for successful development of seeds, it can easily be un- 
derstood that even the egg cell may now and then be fertilized at 
the same time as the central nucleus, and that therefore hybrids 
are formed in natural populations between arctica and pratensis as 
well as between these species and other Poa species in the area. 


SACCHARUM. In the genus Saccharum eight as well as ten are 
basic chromosome numbers. Saccharum spontaneum belongs to 
the eight-series; S. officinarum to the ten-series as do the related 
species S. ciliare (2n=40), S. Narenga (2n = 30) and Imperata 
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arundinacea (2n = 20) (Bremer, 1924; Moriya, 1950). S. offici- 
narum has 2n = 80, while in S. spontaneum the numbers vary be- 
tween 2n =48 and 2n=112 (Moriya, l.c.). Bremer (1934) has 
studied 13 clones of officinarum from Burma, Celebes, Ceylon, 
Hawaii and the West Indies, and found all to have 2n = 80. 
Already in 1922 Bremer found a hybrid between S. officinarum 
and spontaneum with 2n = 136, and suggested this hybrid to have 
been formed by the fusion of a reduced gamete with 56 chromo- 
somes from spontaneum and an unreduced one with 80 chromo- 
somes from officinarum. Hybrids from the Philippines could be 
proven to have 2n=120 (2x40+40) at the same time as the 
chromosome number of the Indian strain Coimbatore 205 from 
Madras was 2n=112 (2x40+32) (Bremer, 1934, 1946). In 
most combinations in which officinarum occurred as mother, unre- 
duced gametes had functioned, and Bremer also could prove that 
these unreduced gametes came from officinarum (1946). Strains 
of hybrid origin were also studied by Bremer; as an example, the 
clone 2875 POJ with 2n = 110 may be mentioned, which, by cross- 
ings with a “ glagah” strain (=S. spontaneum, 2n=112) in the 
offspring, gave numerous hybrids with 2n = 166 (i.e. 110+ 56). 
By contrast a cross was reported between the Indian var. Saretha 
—not belonging to officinarum—and spontaneum which gave hy- 
brids, in the formation of which only reduced gametes had func- 
tioned. The parents had 2n = 92 and 2n = 64, respectively, and the 
hybrids 2 = 76-78. Embryological studies in officinarum have 
been made by a number of research workers who have reported 
partially diverse results. Naryanaswami finds (1940) that the 
species forms a macrospore tetrad, the two lowest macrospores of 
which fuse and form a “ diploid” cell that gives rise to the ES. 
The egg cell in this sac is able to divide autonomously ; it may also 
be fertilized, however, to form a triploid embryo. Raghavan 
(1951: 204) confirms the observations made by Naryanaswami, 
but adds that this development occurs in spontaneus as well, even 
‘hough it is more common in S. officinarum. Bremer has observed 
(1946) that all chromosomes of the chalazal macrospore divide 
endomitotically, thus doubling the chromosome number of the cell 
which gives rise to the ES. Subramaniam finally (1946) worked 
with a pollen-sterile strain, Co.421 (2n=118), which gave two 
kinds of offspring, descendants with 2n=118 and 2n=86. An 
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embryological investigation revealed that the meiosis in the EMC 
was irregular in that two groups of chromosomes of different sizes 
were formed in the cell. Thus the 59 bivalents were often ar- 
ranged in two groups with 43 and 16 bivalents, respectively. The 
egg cell in the completed ES has a chromosome number lower than 
2n, but it divides very early, and, because there is no cell wall 
formed after this division, the chromosome number is automatically 
doubled. 

In spite of the fact that Saccharum has many economically very 
important forms, our knowledge of its embryology and type forma- 
tion is still deficient and more studies as well as experiments must 
be worked out in the genus. 


SORGHUM. Garber (1950) has given a cytotaxonomic survey of 
Sorghum, from which it is clear that the variation in chromosome 
number in the genus runs from 2n = 10 to 2n =60. This very care- 
ful study does not give any embryological data, however. ©n the 
other hand, Duara and Stebbins in 1952 reported that a hybrid had 
been produced between an autotetraploid strain of Sorghus vulgare 
var, sudanense (2n = 40), made by Dr. Randolph at Cornell, and 


the tetraploid S. halepense with this latter species as mother. The 
offspring of this hybrid was cultivated for five generations at 
Berkeley. One Fs plant (cult. 801) produced only diploid off- 
spring at the same time that another F; offspring gave tetraploid 
descendants. As a control progenies were raised from the F3—F¢ 
generations. No diploids were obtained, however. The Fs plant 
which gave diploid offspring no doubt produced the descendants by 
haploid parthenogenesis. 


zEA. In 1952 Chase demonstrated that haploid parthenogenesis 
occurred in some maize crosses to a certain per cent. Six crosses 
were worked out from four monoploid-derived autodiploids as well 
as several double crosses combining the singles. The original 
strain, Stiff Stalk Synthetic dent corn, yielded haploids at a rate 
of 1.3 pro mille. Of these haploids 9.4 per cent set seed. The 
single crosses gave 4.3 pro mille haploids, 33 per cent of which set 
seed. The double cross group, on the other hand, gave rise to 2.9 
pro mille haploids, 30.5% of which were self-fertile. Chase is of 
the opinion that monoploids will be of importance in maize breed- 
ing because of the possibility of raising autodiploid homozygous 
strains from them. 
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JUGLANDACEAE 


jJucLans. Zarubin (1949) suggests parthenogenetic develop- 
ment of fruit in proterogynous individuals of walnut. Proteran- 
drous biotypes are self-sterile. 


LILIACEAE 


ALLIUM. Hakansson (1951) has studied a strain of Allium 
nutans with 2n = 40-42. In the progeny of this strain descendants 
with 2n = 60 and 2n = 80, respectively, were obtained together with 
offspring plants having 2n = 40. The observation was made that 
in this particular strain the EMC very often had a higher chromo- 
some number than the surrounding somatic tissue. Tetraploid 
EMC’s were more common than diploid ones, and even octoploid 
EMC’s sometimes occurred. Hakansson is of the opinion that 
these cells increased their chromosome number by endomitosis. In 
some cases also hexaploid EMC’s were found, which might have 
originated by disturbances in the premeiotic divisions (cf. Manton, 
1950). Most egg cells divided a**-nomously very early and 
formed multicellular embryos. On ontrary, even two-weeks- 
old ES’s were stated to contain undivided egg cells. After castra- 
tion an endosperm was only exceptionally formed, but it was 
proven that even seeds without endosperm were able to germinate. 
Hakansson finds it possible that adventitious embryos occur in A. 
nutans ; they seem to be very rare, however. In old ES’s antipo- 
dial embryos were observed in some cases, which means that now 
and then both ends of the ES produce an egg apparatus (l.c.: 162, 
fig. 4e). Two strains of the species Allium odorum were also 
studied by Hakansson, both having 2”=32. In one of these 
strains up to 50% of the egg cells were formed by the antipodals. 
In a low frequency also embryos formed from the synergids as well 
as adventitious embryos were observed in the material studied by 
Hakansson. 


DIANELLA. Apomixis has been proved in D. tasmanica (Curtis, 
1952). Different chromosome races occur in the species, and 
2n = 76, 80 and 84 have been determined in Tasmanian races, while 
the race with apomixis is diploid with 2” = 16 and has been found 
so far only on the Australian continent. D. coerulea (2n = 16, 32 
and 48) is suspected to have apomictic forms. 
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NOTHOSCORDUM. Several authors (Strassburger, 1878, 1879; 
Stenar, 1932; Levan and Emswaller, 1938) have reported ad- 
ventitious embryony in Nothoscordum fragans. Hakansson rein- 
vestigated this species (1953) and found that it forms haploid 
ES’s, the egg cell and polar nuclei of which are regularly fertilized. 
Adventitious embryos are formed at an early stage of development 
of the ES; the mature ES’s have as a rule only one or two em- 
bryos, however, because most adventitious embryos are interrupted 
in their development. Neither the egg cell nor the polar nuclei 
divide in emasculated flowers. D’Amato (1949a) has found 2n = 
19 in 38 plants of a population at the Pisa Botanic Garden. Fer- 
tilization was proved necessary for the development of adventitious 
embryos and fruit set. 


TRILLIUM. Jeffrey (1948) reports that most Trillium and 
Tradescantia species are parthenogenetic. Meiosis in the EMC of 
these species is normal, but diploid embryos originate by the influ- 
ence of hormones from pollen on the style. The pollen tubes later 
degenerate. The diploidy of the embryo is caused by “ double divi- 
sion of the chromosomes in the metaphase ”’ (= endopioidy ). 


MUSACEAE 


MusA. Dodds and Simmonds (1948) have studied a stabilized 
diploid “ type 20” which they suggest originated by parthenogene- 
sis from the hybrid Musa Balbisiana x M. acuminata. They do not 
explain this possible origin, however. 


ORCHIDACEAE 


In 1947 Hagerup proved haploid parthenogenesis to occur in a 
low percentage of the ES’s in Listera ovata, Platanthera chloran- 
tha, Orchis strictifolia, Cephalanthera longifolia and Cephalanthera 
damasonium. In some of these orchids even polyploid embryos 
were formed; in Orchis maculata the embryos had chromosome 
numbers varying between n and 6n (Hagerup, 1944). In Epipac- 
tis aneuploid chromosome numbers occur in the embryos, which 
cause new basic numbers in the genus. In Epipactis the basic 
numbers ”=12, 16, 18, 19 and 20 have been found up to now 
(Hagerup, 1947; Young, 1953). According to the present author 
orchids are able to produce embryos without fertilization more 
easily than most other plants because no endosperm is formed in 
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this family, which makes double fertilization unnecessary. Because 
of this, biotypes having an inherent capacity to produce embryos 
autonomously are able to form seeds without the obstacle that the 
need for fertilization of the central nucleus generally means in . 
sexual and pseudogamous species. 


PLU MBAGINACEAE 


LIMONIUM. In 1954 Baker claimed that by repeated emascula- 
tion, apomixis could be induced in a number of species in this 
genus. It has been definitely established as occurring in L. 
binervosum and L. lychnidifolium. 


STATICE. In 1940 D’Amato suggested that apomixis takes place 
in Statice oleaefolia var. confusa, but not until 1949 were data 
given. The variety in question has the chromosome number 
2n = 27, but in spite of the triploid number it shows unusually 
regular meiosis during pollen formation; only single univalents are 
formed in the first metaphase. The EMC generally develops 
diplosporously ; sometimes it goes through a regular meiosis, how- 
ever. Formation of restitution nuclei has been recorded in 80% of 
the ES’s investigated, while in the remaining 20% of the ES’s 
meiosis runs normal and gives zise to reduced sacs of the Adoxa 
type. Further development of the cells with restitution nuclei fol- 
lows the same general scheme as in /xeris dentata. D’Amato finds 
that the development of the EMC and ES in Statice shows simi- 
larities with the “ Erigeron II type” of Battaglia (1946) as well 
as with Erigeron Karwinskianus var. mucronatus studied by 
Fagerlind (1947). 


POLYGONACEAE 


ACETOSA. In 1942 Love reported facultative agospermy in the 
Acetosa arifolia, pratensis and thyrsiflora. The highest frequency 
was in artfolia from Iceland and northern Sweden (2.3% in 53% 
of all plants studied), while thyrstflora had the lowest frequency 
(0.3% in 21% of the investigated plants). In 1949 Love related a 
more obvious case in arifolia from the neighbourhood of Reykjavik 
in Iceland. One plant was found to have complete seed setting on 
three bagged branches as well as on the branches outside the bag. 
The karyotype of this particular plant (2n=14) was 10 i+2 i® 
+2 X. All offspring plants raised from seeds of the bagged 
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branches had 2n = 14 and belonged to the same karyotype as the 
mother plant. No embryological investigations have been made as 
yet, however. 


PRIMULACEAE 


PRIMULA. In four lengthy papers published in the years 1949- 
51 Ernst has discovered the origin of so called “ maternal hybrids ” 
in the genus Primula. By this term Ernst refers to maternal off- 
spring produced by certain species of Primula after interspecific 
pollination. The progeny plants are reported to have the same 
morphology and somatic chromosome number as the mother spe- 
cies (1949: 95). Maternal hybrids are supposed to be formed by 
“‘automixis ” (1951: 285), which term refers to a pseudogamous 
development of the egg cell combined with autonomous doubling of 
the chromosome number by endomitosis (1949-51). Ernst sug- 
gests that this organization would be a kind of protection against 
too strong heterosis. Twenty-one maternal hybrids have been re- 
ported between Primula Wilsonit and P. Cockburnia; while P. 
japonica, crossed with P. Cockburnia, chungensis and pulverulenta, 
has produced 48 (1950, 195la). In his second paper of 1951 
Ernst discussed all the material obtained and pointed out that ma- 
ternal hybrids have been obtained only in some specific combina- 
tions. He also reported that the descendants have the same ap- 
pearance and chromosome number as the mother plants, and that 
the fertility, vitality and non-segregation of their offspring exactly 
match those of the mother. The number of “ hybrids” formed is 
very low, however, only a few per thousand in each combination. 
Ernst takes up the “ faux hybrides ” in Fragaria (1951): 277) and 
finds that in this genus together with, or instead of, real species 
hybrids, maternal or maternal and paternal descendants are formed. 
The cytology of these progeny plants in Fragaria has not been 
satisfactorily studied, however. The results obtained in Ernst’s 
comprehensive work during 20 years studies in Primula should be 
taken into consideration, but students of this phenomenon must be 
careful not to confuse maternal hybrids with pseudofertility (cf. 
Fagerlind, 1937; Clausen, Keck and Hiesey, 1945; Nygren, 1946). 


RANUNCULACEAE 


RANUNCULUS. After apomixis had been demonstrated in Ra- 
nunculus auricomus by Rozanova (1932) and W. Koch (1933), 
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Haflinger in 1943 gave the first cytological data of the phenomenon 
in this genus. Haflinger investigated one diploid (2n = 16), ten 
tetraploid (2n = 32), one pentaploid (2 = 40) and one hexaploid 
(2n =48) species native to Switzerland (l.c.: 347). By his ex- 
perimental studies of the group he became convinced that all spe- 
cies investigated by him were pseudogamous. On the other hand, 
he determined the chromosome number of one single endosperm 
ccul in tetraploid R. auricomus and found that this cell had 64 
chromosomes. This means that the cell in question was octoploid, 
not decaploid as it ought to have been if the central nucleus had 
been fertilized by a sperm nucleus with 16 chromosomes. In all 


TABLE XII 


CHROMOSOME NUMBER IN ENDOSPERM OF SEXUAL PLANTS 
IN THE Ranunculus auricomus GrouP 





Chromosome 
number of 
Seedplant Pollenplant endosperm 


24 32 40 40 


R. cassubici- R. cassubici- 
folius 2/3 folius 2/3 16 
' 16 R. puberulus 32 
” 16 R. argoviensis 32 














R. cassubici- R. cassubici- 
folius 11 16 folius 11 16 7 
= 16 R. puberulus 32 5 

= 16 R. argoviensis 32 2 





other pseudogamous genera studied, fertilization of the central nu- 
cleus is necessary if any seeds are to develop at all, and therefore it 
is important to be sure of the situation in R. auricomus. In 1950 
Rutishauser and Hunziker found an excellent method of preparing 
smear preparations of endosperm cells. Using this technique, 
Rutishauser (unpublished data) has made a series of determina- 
tions of chromosome number in the endosperm of different micro- 
species of the auricomus complex. All microspecies in this investi- 
gation are tetraploids with 2n = 32, except R. cassibicifolius which 
is a diploid with 2m = 16. Rutishauser’s data are condensed in the 
Tables XII-XV. 

It is clear from Table XII that the two diploid R. cassubicifolius 
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races studied behave just as normal sexual species, forming triploid 
endosperm after selfing and tetraploid endosperm after being 
crossed to tetraploid pollen parents. 

It is obvious from the data in Table XII that the great majority 
of the counted endosperm cells have precisely those chromosome 
numbers which would be expected in pseudogamous species. The 
central nucleus of an unreduced ES of R. auricomus with 2n = 32 
will have 64 chromosomes before fertilization, 96 after fertilization 
with an unreduced male gamete, and 80 after fertilization with a 
reduced gamete. Not less than 148 of the 163 cells in Table XIII 


TABLE XIII 
CHROMOSOME NUMBER OF THE ENDOSPERM IN DIFFERENT APOMICTIC 
auricomus MICROSPECIES AFTER SELF-POLLINATION. ALL MIcRo- 
species Listep ARE TETRAPLOID (2n = 32) 








Chromosome number of endosperm 
Species 2n Sum 
32 48 6&4 80 9% 112 += 128 
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(=90.8%) belong to this group. The remaining 15 cases can be 
interpreted in the following way: 


a) In 2 cases the endosperm has been developed in reduced ES’s 
without fertilization. 

b) In 7 cases the endosperm has been developed in reduced ES’s 
with fertilization of reduced gametes. 

c) In 3 cases the endosperm has been developed in reduced ES’s 
with fertilization of unreduced gametes. 

d) In 1 case the endosperm has been developed in an unreduced 
ES after fertilization by one reduced and one unreduced 
gamete. 
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e) In 2 cases the endosperm has been developed in unreduced 
ES’s after fertilization by two unreduced gametes. 


The two numbers 112 and 128 can be interpreted in several ways. 
The number 128 is obtained if an endosperm cell with 64 chromo- 
somes is doubled just as well as if a male gamete with the double 
somatic number fertilizes the central nucleus in an unreduced ES. 
It is interesting that Rutishauser in three cases has obtained the 
number 64, i.e., the same as was counted by Haflinger. In the 
opinion of the present author, interpretation c above is the most 
probable, even in Haflinger’s case. In two ES’s out of 163, Rutis- 


TABLE XIV 
CHROMOSOME NUMBER OF THE ENDOSPERM IN DIFFERENT auricomus 
MICROSPECIES AFTER CroSS-POLLINATION. ALL MICROSPECIES 
Listep Arg TETRAPLOID (2n = 32) 








Chromosome number 
of endosperm 


32 48 64 80 96 112 128 


Seedplant 2n Pollenplant 2n Sum 








R.argoviensis 32 cassubicifolius 1 32 2 
R.cassubtcus 32 argoviensis 32 1 
” puberulus 
R. distentus argoviensis 
* puberulus 
R. fragifer argoviensis 
sh puberulus 
R. laeteviridis argoviensis 
” puberulus 
R. puberulus argoviensis 
- cassubicifolius 1 32 1 
grossidens 32 1 


1 
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hauser counted 32 chromosomes, however, which means that the 
central nucleus was not fertilized. Such cases are known also in 
other genera (Poa arctica, Nygren, 1950), but they seem to be 
very rare. It is rather remarkable that in Table XIV only one ES 
is reported having a chromosome number other than as expected, 
while after self-fertilization close to ten per cent showed deviating 
numbers. 

The chromosome number to be expected here in an unreduced 
ES is 72, which has been found in only one case, while the num- 
ber 80, which indicates fertilization of an unreduced ES by an un- 
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reduced male gamete, is the most common. A reduced tetraploid 
ES has been fertilized by a reduced male gamete in two and by an 
unreduced gamete in one reported case. 

Rutishauser’s investigation of the chromosome numbers in the 
endosperm of Ranunculus auricomus no doubt is the most com- 
prehensive and careful investigation which has been made in a 
pseudoganious genus. The results obtained show very clearly that 
the central nucleus in auricomus generally is fertilized, but that in 
two cases out of 269 (=0.74%) endosperm cells developed with- 
out fertilization. 

In 1952 Marsden-Jones and Turrill supposed apomixis to exist 
in some forms of Ranunculus acris and bulbosus (l.c.: 30). Ad- 


TABLE XV 
CHROMOSOME NUMBER OF THE ENDOSPERM IN DIFFERENT auricomus 
MICROSPECIES AFTER CROSSES BETWEEN TETRAPLOID 
(2n = 32) AND Dirtomw (2n=16) Species 








Chromosome number 
Seedplant 2n Pollenpiant 2n of endosperm 





R.argoviensis 32 R.cassubicifolius 16 
R.puberulus 32 R.cassubicifolius 16 2 





40 48 64 72 80 











ditional cytological and, above all, embryological data must be col- 
lected, however, before the supposition of these authors can be ade- 
quately tested. 


ROSACEAE 


MALUS. Gustafsson (1946-47) states that apospory is reported 
in triploid Malus hupehensis (2n=51). Oldén (1953) has stud- 
ied two tetraploid trees of Malus Sieboldii (2n = 68), and he finds 
that sexual as well as apomictic seed formation takes place in this 
species. Oldén has crossed M. Sieboldii as the pistillate parent 
with diploid apples, and obtained tetraploid offspring of very uni- 
form appearance. Pollination was necessary for seed formation, 


but no fertilization took place and therefore the species is pseudo- 
gamous. 
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POTENTILLA. In 1946 Rutishauser published a study of the 
three species P. argentea, canescens and verna. The first two are 
aposporous, while verna is diplosporous. Rutishauser supposes 
that diplospory and probably even apospory in Potentilla are con- 
trolled by special genetic factors. In 1947 he found P. canescens 
to form three kinds of offspring after crossing: maternals; By- 
plants originating from reduced egg cells; and Byy-plants from un- 
reduced fertilized egg cells. Real hybrids occur of the By-type as 
well as of the Bi-type. As a result of data collected from cross- 
ing and back-crossing work in Potentilla, Rutishauser suggests that 
diplospory is caused by one recessive gene, g, and apospory by an- 
other recessive gene, s. If two parental plants with the constitu- 
tions ssGG and SSgg, respectively, are crossed, F; hybrid with the 
formula SsGg will be sexual. By back crossing this F; to the 
SSgg type, four genotypes will appear in the next generation: 
SSGg, SSgg, SsGg and Ssgg. SSgg and Ssgg will both be di- 
plosporous. A plant with the constitution SSsGgg will be diplos- 
porous because gg dominates over G. In 1949 Rutishauser gave 
the data from his comprehensive crossing work in five Potentilla 
species. They are: P. canescens (one race), argentea (one race), 
praecox (one race), verna (five races), and heptaphylla (one race). 
P. heptaphylla is diploid (2n = 14), all other species are hexaploid 
(2n =42). In the crossings two races of P. arenaria were used ; 25 
with 2n = 35, 25 with 2n = 42. The diploid hepiaphylla is sexual, all 
other species are apomictic and pseudogamous. The ratio between 
the number of unreduced and reduced egg cells is called the degree 
of apomixis (of apospory according to Rutishauser’s terminology ). 
This degree is 99.32% in P. canescens (p. 280). In crossings 
with the species argentea, canescens, praecox and verna this par- 
ticular canescens type gave only one By; hybrid in 147 descendants. 
Furthermore there was one By; hybrid formed with the chromo- 
some number 2n=63. P. argentea is 100% aposporous, but in 
nine combinations with P. canescens, praecox and verna it gave 
rise to six By hybrids out of 344 offspring plants (p. 281). P. 
praecox is an obligate, aposporous species, which in eight combina- 
tions has produced only one By hybrid in 119 descendants. P. 
verna 4 is also totally aposporous, but in 11.8% of the cases stud- 
ied the egg cell has been fertilized. In 223 progeny plants from 11 
combinations there were 25 By hybrids formed. The P. verna 
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races 2, 10, 15 and 18 are obligately aposporous. Verna 18 is the 
only race that in its progeny has yielded one By hybrid (p. 284). 
While P. heptaphylla in crossings with other biotypes of its own 
species as well as in crosses with arenaria has produced two By 
hybrids only, P. arenaria 25 has formed one By and seven mater- 
nals; arenaria 29, on the other hand, yielded three maternals only. 
Rutishauser points out that the Potentilla types which have their 
origin in northern Switzerland as an average include a higher pro- 
portion of partially sexual species and races than do types of other 
areas. Embryological investigations have shown that the races 3, 
4, 10 and 18 of P. verna are diplosporous, while P. argentea, 
canescens, praecox and verna 15 are aposporous. The egg cell in 
an aposporous ES develops without fertilization but degenerates if 
the endosperm is not completed. Different races vary considerably 
in this respect, however; P. verna 10 produces embryos in more 
than 80% of all ES’s studied, while P. verna 18 in 49 nucelli 
formed only a single two-celled embryo during two years experi- 
ments. The quality of morphologically good pollen varies con- 
siderably in some races of P. verna. In verna 18 the figures in the 
same season were 0, 2, 5, 6 and 40.5%. Rutishauser is of the 
opinion, however, that this pollen sterility does not influence seed 
setting, even after crossing (p. 297). The hybrid P. canescens 
x argentea 44/94, 21 with 2n = 63, is aposporous but has yielded 
two descendants in a back-cross to argentea, which have the chro- 
mosome numbers 2n = 48 and 2n = 49, respectively. In these cases 
sexual ES’s must have functioned (p. 300). P. canescens x verna 
3 (28/26, 9) is highly sterile but has produced 7.1% seeds after 
back-crossing to verna 3, in spite of this sterility, and 18.4% seeds 
after back-crossing with verna 10 (p. 304). After the back-cross 
to verna 10 nine By hybrids were formed, which were all sexuals 
having the chromosome numbers 2n = 39, 2n=40 and 2n = 43. 
One Bi hybrid was produced with 63 to 65 somatic chromosomes. 
Potentilla argentea has formed one hybrid with P. canescens, three 
with verna 10, and two with verna 15. All these hybrids have 
2n = 63 except the plant 43/79, 13 (a hybrid with verna 10), which 
has 2n=64. The best pollen fertility in Rutishauser’s experi- 
mental Potentilla material, 74.8%, was in the hybrid P. argentea 
x canescens, while, on the other hand, there is a variation between 
30.7 and 55.6% in the combination P. argenteaxverna. In the 
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progeny of P. argentea x verna (combination 42/68, 52), 15 ma- 
ternals and 15 By, hybrids were raised, while, on the contrary, all 
back crosses with argentea gave maternals only in their offspring. 
The maternals have the chromosome number 2n = 63, while the Br 
hybrids, which were produced in a back-cross to verna 10 
(2n = 42), had 2n=53. These numbers indicate that the By’s 
mentioned originated by fusion of two gametes with 21 and 30-32 
chromosomes, respectively. One plant was morphologically very 
similar to argentea. This particular descendant, 45/111, 24, had 
the chromosome number 2” = 30 and obviously was formed by 
haploid parthenogenesis. The hybrid 42/68, 52 in the combina- 
tion argentea x verna is aposporous but has the ability to undergo 
meiosis and to form tetrads in the EMC. The author mentions 
that this plant has a tendency towards diplosporous development 
of EMC’s, a circumstance which ought to be investigated very 
carefully, as this tendency has great general importance (cf. Berg- 
man, 1951). The argentea x verna hybrid in question gives, how- 
ever, a lower number of autonomously developed embryos than 
both parents (p. 322). The hybrid 37/14, 13 between P. praecox 
and argentea has the chromosome number 2n = 64 (42422) and 
has just as good fertility as the parents. By back-crossing this hy- 
brid, only one descendent was produced, a maternal with 2n = 64. 
The combination P. arenaria 25 x verna 10 mainly gave sexual hy- 
brids which, however, showed aposporous tendencies. Hybrids 
within the form circle of verna have given rise to 25 plants with 
2n = 63-64 (verna 4x verna 10: 24 descendants; verna 4 x verna 
18: one plant). All progeny plants in the combination verna 4 
x verna 10 were morphologically different, which means that the 
staminate plant was heterozygous, since the mother plant forms 
diploid ES’s only. All descendants in this combination were di- 
plosporous. The hybrid produced by back-crossing canescens x ar- 
gentea to argentea, plant 45/119, 16, has 2m =48 and thus con- 
stitutes a By hybrid. In spite of this it is aposporous. P. canes- 
cens x verna 3 back-crossed to verna 3 gave rise to eight progeny 
plants (42/64, 1-6, 8, 10, 11), the offspring of which have been 
investigated after pollination with P. verna. The descendants 
42/64, 2 (2n = 39-40), 5, and 11 (2n=40) have yielded sexual 
offspring exclusively, mainly By hybrids, while 42/64, 8 as well as 
10 have produced maternal progeny only. The plant 42/64, 6 has 
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given maternals as well as By and By hybrids. The offspring of 
the sexual plant 42/64, 5 shows a variation in chromosome num- 
bers between 27 = 39 and 2n=43. The plant 42/64, 10 as well as 
42/66, 1 (canescens x verna 3 back-crossed to verna 3) are both 
diplosporous. A second back-cross has also been made, (canescens 
x verna x verna) x verna, 44/91. The yield was 30 progenies, six 
of which have been studied. Three descendants were sexual, while 
the other three were partially or obligately diplosporous. The 
segregation ratio thus is 1: 1. 

Rutishauser’s Potentilla studies can be summarized as follows: 


a) By hybrids between aposporous and diplosporous parents 
will form sexuals with a weak tendency towards apomixis. 

b) Bin hybrids produced by parents belonging to the same type 
of apomixis are pseudogamous and show a strong tendency toward 
apomixis of the same type as the parents. 

c) By hybrids between aposporous and diplosporous parents 
are aposporous with a weakened degree of apospory. 

d) The back-cross generation (P. canescens x verna 3) x verna 
10 segregates in the following ratio: three sexuals: two partially 
diplosporous apomicts: one obligately diplosporous and pseudo- 
gamous apomict. 

e) One By hybrid (canescens x argentea x argentea has been 
found to be aposporous like the parents. Rutishauser supposes 
that different genetic systems are responsible for the development 
of apospory and diplospory (1947, and l.c.: 392), and he suggests 
that the genes for diplospory are transferred to the back-cross hy- 
brid by the pollen. In the first back-cross generation there will be 
segregation into three sexual hybrids to four partially or obligately 
apomictic hybrids. In the second back-cross generation the segre- 
gation would be: three sexuals to three partially or obligately apo- 
mictic hybrids. Some By hybrids are diplosporous because two 
recessive genes outweigh one dominant (cf. 1947). In some first 
back-cross combinations Rutishauser obtained the ration 1:1 
which will be the result if a cross between the two genotypes SsGg 
and SSgg is worked out (p. 398). In spite of the fact that the 
apomictic and the pseudogamous mechanisms constitute obstacles 
to variation, the number of forms in the genus Potentilla is perma- 
nently increased by the origin of new By hybrids. In the experi- 
ments such By plants with chromosome numbers up to 2n = 84 
have been obtained (p. 415). 
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f) It has been suggested that the pseudogamous system in Po- 
tentilla has arisen by several mutation steps. In 1949 Rutishauser 
investigated the time factor in the development of the embryos. In 
P. verna 4 four days are needed after pollination with verna 10, 
and 18 to develop an embryo. When the central nucleus is ferti- 
lized, differentiation into an embryo and a suspensor follows. This 
differentiation does not take place if the central nucleus is not fer- 
tilized. The frequency of By hybrids in verna 4 varies consider- 
ably after pollination with other races of the same species. Thus 
verna 4x verna 10 gives 27% By plants, while verna 4 x verna 15 
produces 1.9% Bi hybrids, and verna 4x verna 18 only 1.85% 
Bur hybrids. The difference between verna 4xverna 10 and 
verna 4 x verna 18 is highly significant and gives a x? of 9.375. As 
a comparison Rutishauser uses the figures obtained in combina- 
tions of argentea x verna, i.e., 1.6%, and of argentea x verna 15, 
ie., 2.2%, which combinations have given about the same values. 


RuBus. The apomictic system in the genus Rubus of the old 
world is well known through the classical studies of Lidforss and 
the extensive investigations of Gustafsson (1943, 1946-47). The 
biackberries of the new world were little known, however, until 
1947, when Einset found that the chromosome numbers of a great 
many North American species run from 2n=14 to 2n=63. In 
1951 he gave his experimental data which show the same condi- 
tions in North American Rubi as in the European species. Einset 
has examined the chromosome numbers of 1,620 seedlings from 
different crosses. His studies are best illustrated by three tables 
(XVI-XVIII) of the combinations made and the chromosome 
numbers obtained. The high numbers of haploids in Table XVII 
are of particular interest. As is also pointed out by Einset (p. 
769), these plants obviously have arisen through haploid partheno- 
genesis. 

It is clear from Einset’s study that 90.78% of the 1541 descend- 
ants reported in Tables XVI-XVIII have the same chromosome 
numbers as the maternal clones. We also find that R. flagellaris, 
which is the only species investigated with 27 = 63, has given 100% 
maternals, while the species with 2m = 28 show the lowest figure, 
86.9% maternals. The other chromosome races have given the 
following values: species with 2n = 21, 93% ; species with 2n = 35, 
87.5% ; species with 2n = 49, 94.9%. Einset points out that all 
species investigated are pseudogamous. Waldo and Darrow 
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TABLE XVI 
CHROMOSOME NUMBERS OF SEEDLINGS OF 21-CHROMOSOME PLANTs (\l.c.: 769) 











Chromosome numbers 
21-chromosome Pollen parent and of seedlings 
seed parent Cross 2n numbers 
14 21 26 28 30 35 42 49 








Self 

R.bellobatus (28) 
Open-pollinated 
R.bellobatus (28) 
Open-pollinated 
R.bellobatus (28) 
R.Wiegandu (36) 
Open-pollinated 


R.bellobatus (28) 27 
R.Cardianus (35) 10 
R. plicatifolius (63) 40 
Open-pollinated 29 


Open-pollinated 55 
Open-pollinated 53 


R. canadensis 


R. Rosa 
R. bellobatus 


SREB MMR 


Kittatinny (proba- 
bly R. bellobatus 


R. localis 

R.abactus 

Hanes 1676 (proba- 
bly one of Argutz) 


xx xX KK XK 


R.bellobatus (28) 33 
Open-pollinated 8 


Totals 158 2 3 332 1 2-629 


x x 








(1948) synthesized the Loganberry by crossing “ octoploid native 
western trailing blackberries” and the tetraploid raspberry “ La 
France”. This is in accordance with Gustafsson’s opinion (1946- 
47: 223) that the Loganberry is a hybrid between R. ursinus 
(2n = 56) and R. idaeus (2n = 14), formed by a reduced ursinus 
and an unreduced idaeus gamete. Waldo and Darrow also have 
synthesized the “ Mammothberry” by crossing the octoploid 
Rubus species used in the Loganberry cross with tetraploid 
Eldorado. 

Christer (1953) studied the embryology of Rubus idaeus 
(2n = 14) and its hybrid with R. caesius. The ES’s of R. idaeus 
develop sexually, while the hybrid (2m = 21) forms sexual as well 
as diplosporous ES’s. Christer suggests that the tendency to 
diplospory has been transferred to the hybrid from R. caesius. 
The gene d for diplospory is only partially recessive to the domi- 
nant D for sexuality. 


sorBus. Very recently (1954) Liljefors has published an ex- 
tensive study of a great number of species and hybrid combinations 
in this genus. 





APOMIXIS IN THE ANGIOSPERMS 


RUBIACEAE 


COFFEA. In 1946 Mendes reported that a tetraploid strain of 
Coffea arabica (2n = 44) had given rise to diploid, hexaploid and 
octoploid offspring, and in 1947 he communicated that the differ- 
ent so-called monosperma forms of Coffea arabica are diploids 
formed by haploid parthenogenesis from normal tetraploid strains. 
The parthenogenctically produced haploids, “ di-haploids ” accord- 
ing to Mendes ('49), are highly sterile. 


TABLE VII 
CHROMOSOMB NUMBERS OF SEEDLINGS OF 28-CHROMOSOME PLANTs (l.c.: 770) 











28-chromo- - 
some seed Pollen parent 


parent Cross #242n numbers 14 91 98 29 30 32 33 34 35 40 42 49 


Chromosome numbers of seedlings 








R.Huttoni x Open-pollinated 40 3 
R.alle- 
gheniensis 
(Lowden) x Self 
x R. flagellaris (63) 
R. Rosa 


(Eldorado) x Self 
x R. bellobatus 
(Erie) (28) 
R. Rosa 


(Snyder) x Self 
R.Hanesi x Open-pollinated 
R. bellobatus x Self 
x R. Wie- 
gandu (36) 
x R.meracus (49) 
x Open-pollinated 
R. bellobatus 
(Erie) x Self 
x Kittatinny (21) 
x R.Cardi- 


anus (35) 
R. bellobatus 
(Brewer) x Self 
x Open-pollinated 
R. bellobatus 
(Merse- 
reau) x Self 
x Open-pollinated 
R. bellobatus 
(Kitta- 
tinny) x Self 2 
x R.Cardi- 
anus (35) : 1 
x Open-pollinated 14 157 ~ 2 


43 3592 3 23 11 4 124 4=681 
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RUTACEAE 


cITRUS. Adventitious or nucellar embryology has been known 
in the genus Citrus for a long time, and it has been proposed by 
Frost (1926) that formation of the adventitious embryos is de- 
pendent on some stimulus from the pollen or from the fertilized 
egg cell. According to Gustafsson (1946-47: 36), “ it seems very 
probable that Citrus seeds do not often form without pollination, 
although seedless fruits sometimes do so, even in varieties normally 
seedy”. The degree of polyembryony in Citrus hystrix has been 
studied by Moreira and Gurgel (1947), and they find that the 
number of supernumerary embryos varies between zero and 34% 


TABLE XVIII 


CHROMOSOME NUMBERS OF SEEDLINGS OF 35-, 36-, 49+ AND 
63-CHROMOSOME PLANTs (l.c.: 771) 


Chromosome number 
Seed parent «nd Pollen parent and of seedlings 
2n numbers Cross 2n number 





28 30 35 36 42 49 50 63 





Open-pollinated 1 4 2 1 
Open-pollinated 17 2 
Self 6 

R.bellobatus (28) 8 
Open-pollinated 68 
Open-pollinated 50 
Open-pollinated 6 3 
Open-pollinated 63 


R.noveboracus (35) 
R.abactus (35) 
R.Cardianus (35) 


R.Wiegandi (36) 
R.geophilus (49) 
R. meracus (49) 
R. flagellaris (63) 


\xxxxxxxx 








1 3568 157 1 68=231 





in this species. On the other hand, 53.1% polyembryony was de- 
tected in the hybrid between C. reticulata and a species of the East 
Asiatic genus Fortunella. Some seeds in this combination had 
seven embryos, in one case up to 20. Furusato (1952) has studied 
the number of embryos in C. unshu and observed pronounced in- 
dividual variation. Between 20 and 30 embryos per seed were 
normally examined in this species. In C. daidai Furusato stated 
an average number of 16 embryos per seed, one to four of which 
gave rise to seedlings. By using embryo culture technique much 
better results have been obtained, however. Crosses between spe- 
cies forming one and species forming many embryos per seed have 
been made, and an examination of the hybrids formed has made it 
obvious that the type of pollen does not influence the number of 
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embryos. Hofmeier and Oberholzer (1948) madz2 the observation 
that plants raised from adventitious embryos give better trees than 
those raised from cuttings. The cuttings are infected by different 
kinds of virus which do not occur in the nucellar embryos. 


SOLANACEAE 


SOLANUM. Dodds (1950) has reported the formation of two 
polyhaploids with 2n = 36 and 2n = 39, respectively, in Solanum 
demissum (2n=72) and suggests that they originated by haploid 
parthenogenesis. 
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